Background Radiographic grading has been used to assess and select between treatment options for ankle osteoarthritis. To use radiographic grading systems in clinical practice and scientific studies one must have reliable systems that predict the fate of the cartilage. Questions/purposes We therefore asked whether (1) radiographic grading of ankle osteoarthritis is reliable and (2) grading reflects cartilage damage observed during arthroscopy. We then (3) determined the sensitivity, specificity, and predictive values of the radiographic findings.
Introduction
Several studies of knee osteoarthritis (OA) have examined the relationship between arthroscopic and radiographic cartilage damage [30, 31, 54] but with conflicting findings. Ayral et al. [2] and Wada et al. [54] described a correlation between arthroscopic and radiographic joint space narrowing and osteophytes. However, other studies [6, 16, 34] have shown radiographic findings of the tibiofemoral joint do not always accurately predict the status of the articular cartilage, particularly during the early stages of OA.
Although several studies [23, 43, 53] have correlated arthroscopic, CT, MRI, and radiographic findings with osteochondral lesions of the talus, none of these attempted to correlate the severity of cartilage damage with radiographic joint space narrowing associated with diffuse cartilage damage. Thus, the reliability and accuracy (ie, compared with a gold standard) of radiographic grading of ankle OA is unknown.
The goals of grading OA are to predict the fate of the cartilage and the prognosis of the patient, and to select between alternative treatments. Grading of ankle OA has not been evaluated critically in the early stages possibly because most patients with OA of the ankle are treated at a late stage with arthrodesis or total ankle arthroplasty. However, newer joint-sparing treatment options [9, 40, 50] for mid-stage OA more likely need radiographic staging closely correlated with cartilage changes to determine whether a particular procedure is reasonable. Several such grading systems have been described: those of Kellgren and Lawrence [28] , van Dijk et al. [52] , Takakura et al. [48] , and a modified version of the Takakura et al. system by Pagenstert et al. [40] . The Kellgren-Lawrence system emphasizes spurs, whereas the other systems focus mainly on joint space narrowing. The systems of Takakura et al. and van Dijk et al. differ in that the former was developed specifically for medial ankle OA; moreover, it subclassifies medial joint space obliteration in two stages according to the site of obliteration. Nevertheless, in both systems, midstage OA is described similarly as joint space narrowing. Although Pagenstert et al. [40] used the Takakura et al. system for grading, their system differs from the original of Takakura et al. in that they subdivided medial or lateral joint space narrowing into tilting without bone contact and tilting with bone contact. We agree that tilting should be included in the grading system. Anterior bony impingement is common in the ankles of active young people without joint space narrowing [35, 38, 45] , and we also suspect ankle spurs indicate degenerative arthritis. However, the existing classifications do not reflect all observed cartilage changes or talar tilting.
We therefore (1) questioned whether radiographic grading of OA of the ankle is reproducible, and (2) whether the grading system reflects cartilage changes observed during arthroscopy, and we (3) determined the sensitivity, specificity, and predictive values of spurs, joint space narrowing, and talar tilting in medial ankle OA.
Patients and Methods
We retrospectively reviewed the radiographs and arthroscopic findings for all 404 patients (420 ankles) who underwent arthroscopic examination for chronic ankle pain at the beginning of the operation between September 2001 and September 2008. We included all patients with medial ankle OA with or without a history of lateral ankle instability. We excluded patients younger than 40 years because primary OA rarely occurs in this age group [7, 42] . We also excluded patients with advanced OA with obliteration of the entire joint space, lateral ankle OA, secondary OA subsequent to fracture, and osteochondral lesions of the talus. The exclusions left 83 patients (98 ankles), including 59 (74 ankles; 28 men, 31 women; age range, 40-75 years; average age, 54.3 years) with early-and mid-stage ankle OA according to the criteria of Takakura et al. [48] and 24 without any definite cartilage lesions of the ankle (24 ankles; 16 men, eight women; age range, 41-65 years; average age, 48.1 years). All surgical procedures were performed by the senior author (WCL). Surgical treatment of medial ankle OA consisted of debridement (16 ankles), total ankle arthroplasty (five ankles), ankle fusion (two ankles), and realignment surgery (51 ankles) including supramalleolar osteotomy (17 ankles), calcaneal and/or first metatarsal osteotomies (20 ankles), and ligament reconstruction (14 ankles). Surgical treatment for ankles without OA consisted of debridement (11 ankles), ligament reconstruction (11 ankles), first metatarsal osteotomy (one ankle), and syndesmotic transfixation (one ankle). This study was approved by the institutional review board at our hospital and informed consent for the use of medical information was obtained from all patients.
We assessed all ankles radiographically with weightbearing AP radiographs of the ankle. All radiographs were obtained digitally using the Picture Archiving Communication System (Marosis Enterprise PACS; Infinitt, Seoul, Korea). The patient was positioned standing on a 2-inch wood block with the feet together and pointed straight ahead. The radiographic cassette was placed posterior to the ankle at a tube-to-film distance of 40 inches (102 cm) with the xray beam projecting parallel to the tibiotalar joint and centered between the ankles.
The weightbearing ankle radiographs were reviewed retrospectively in consensus by three authors for spurs, joint space narrowing, and tilting of the talus (Fig. 1 ). The reviewers consisted of a musculoskeletal radiologist (JCS) with 13 years of clinical experience, an orthopaedic surgeon (JSM) with 7 years of clinical experience, and a consensus reviewer. To establish a standard grading system that would be used to correlate with arthroscopic grading, the consensus reviewer was included in the interobserver and intraobserver reliabilities as a third observer who performed interpretation of the same set of radiographs by mutual agreement. All reviewers were unaware of the arthroscopic findings when viewing the radiographs. The presence of medial joint space narrowing was determined visually, without measuring the width of the joint space. The talar tilt angle was measured between the tibial plafond and the upper surface of the talus on weightbearing AP radiographs of the ankle; more than 2°tilting was defined as talar tilting. To establish that, the former two observers estimated a cutoff angle of talar tilt by visual estimation, we selected 30 cases in which the observers agreed about the presence or absence of talar tilt. We used receiver operating characteristics (ROC) analysis to obtain the optimized cutoff angle. As a result of analysis, we obtained a cutoff angle of 1.8°with a sensitivity of 1.0 and a specificity of 1.0. If we measured the angle with a 0.5°i nterval, the cutoff angle would be 2°. Therefore, we defined talar tilting as an angle greater than 2°. We performed interobserver and intraobserver reliability for the talar tilt angle using Cronbach's alpha. The intraobserver and interobserver reliabilities were 0.99 and 0.97, respectively. To evaluate the severity of OA of the ankle, we used the grading system of Kellgren and Lawrence [28] as modified by Kijowski et al. [29] , the grading system of Takakura et al. as revised by Tanaka et al. [50] , and the grading system of van Dijk et al. [52] ( Table 1) . The interobserver and intraobserver reliabilities were determined for these three grading systems. At the beginning of the operation, an arthroscopic examination was performed within 1 month of the radiographic examination by an orthopaedic surgeon (WCL); that surgeon was aware of the radiographic findings for all patients at the time of the arthroscopic examination. Arthroscopic findings were recorded on compact disc (CD), and cartilage damage also was described on the operation record. We graded the severity of damage to the articular cartilage of the ankle using the Outerbridge system [39] modified by Curl et al. [13] : Grade 0, no cartilage damage; Grade 1, softening of the articular cartilage; Grade 2, superficial fibrillation or fissures of the cartilage; Grade 3, deep fissuring of the cartilage without exposed bone; Grade 4, exposed bone. We defined cartilage lesions involving greater than half the AP length of the talus and greater than 5 mm in mediolateral width as cartilage damage. The highest grade of cartilage damage was used to represent the severity of OA when there were various levels of severity of cartilage damage. We correlated grading of a modified Outerbridge classification with that of radiographic classifications. We categorized cartilage damage into 'nonarthritic' and 'arthritic' to determine the sensitivity, specificity, and predictive values of radiographic parameters. Outerbridge Grades 0 and 1 were categorized as 'nonarthritic'. Outerbridge Grades 2, 3, and 4 were categorized as 'arthritic'.
After a discussion of 10 radiographs showing different grades, the three observers graded all radiographs using the modified Kellgren-Lawrence, Takakura et al., and van Dijk et al. grading systems. To determine interobserver reliability, each observer reviewed 40 randomly selected radiographs twice with no questions or discussion between observers allowed during grading. To assess intraobserver reliability, the same radiographs were placed in a new order and were classified under the same conditions by each observer 1 month later. We determined agreement of the three observers using Cohen's kappa statistical analysis [10] . As kappa can vary from 0 (complete disagreement) to 1 (complete agreement), we also used the weighted kappa [17] to take into account partial agreement; consequently, the weighted kappa is greater than kappa when calculated for the same cases.
Spearman's rank order correlation coefficient was used to determine the correlation between the radiographic grades of OA (modified Kellgren-Lawrence, Takakura et al., and van Dijk et al.) and the severity of articular cartilage damage. Differences between the correlation coefficients and squared correlation coefficients of the three radiographic classifications were tested using Steiger's Z-test [46] . A bar chart was constructed to obtain the distribution of cartilage damage based on each radiographic grading. The chi square test was used to evaluate the differences in the status of articular cartilage damage according to talar tilting in the ankles with medial joint space narrowing. Using arthroscopy as the diagnostic standard reference (gold standard), we calculated the sensitivity, specificity, predictive value, and odds ratios (with 95% confidence intervals [CIs]) of the radiographic parameters for detecting arthritic change of the ankle. We compared values for sensitivity and specificity among the radiographic parameters using McNemar's test. The level of significance was set at p \ 0.05.
Results
For the interobserver comparisons, weighted kappa ranged from 0.58 to 0.89, and for intraobserver comparisons, weighted kappa ranged from 0.51 to 0.85 ( Table 2) .
The correlation coefficients between radiographic classifications and arthroscopic findings were similar for the modified Kellgren (Fig. 2) . Patients with medial joint space narrowing with talar tilting showed a higher (p \ 0.001) rating for arthritic change compared with medial joint space narrowing without talar tilting ( Table 4 ).
The sensitivity of spurs and medial joint space narrowing was greater than that of the other radiographic parameters (p \ 0.001 and p \ 0.001, respectively). The specificity of medial joint space narrowing combined with talar tilting was greater than that of the other parameters (p \ 0.001, p \ 0.001, and p \ 0.001, respectively). Medial joint space narrowing with talar tilting showed the highest positive predictive value (98%) for arthritic change and the highest odds ratio (71.6) ( Table 5 ).
Discussion
Several radiographic grading systems have been used to evaluate OA of the ankle and select between treatment options [28, 40, 48, 52] . However, to be useful in clinical practice and scientific studies, such systems must be reliable and predict the fate of the cartilage and the prognosis of the patient. We therefore questioned (1) whether radiographic grading of OA of the ankle is reproducible, (2) whether the grading system reflects cartilage changes observed during arthroscopy, and (3) whether the spur, joint space narrowing, and talar tilting predict cartilage damage in medial ankle OA.
The major limitation of our study is that it did not explore the correlation between cartilage damage and pain or joint function of the patients. The literature suggests radiographic grading and arthroscopically verified cartilage damage do not predict pain or joint function [15, 20, 26, 33] . However, along with alignment, severity of cartilage damage is considered by some authors [9, 40, 50] as an important factor in determining whether to perform surgery in patients with mid-stage ankle OA. Realignment surgery has been performed for mid-stage ankle OA after confirmation of partial cartilage damage during the operation [40, 48] . Alignment is assessed easily on plain radiographs, however, the cartilage condition is difficult to assess particularly in mid-stage OA. Our data suggest we can improve predictability of cartilage damage before we examine the ankles arthroscopically. Second, our study is based on a small number of ankles. However, ankle OA occurs approximately eight to 10 times less than knee OA [14, 25, 42] , and it was difficult to collect many cases of medial ankle OA. Third, we had only one observer judge the severity of cartilage damage by arthroscopy. We could not evaluate interobserver reliability in this study because we did not open the joint in most cases although high interobserver reliability has been described in grading cartilage damage of the knee [3, 8] . Therefore, it is reasonable for a well-trained observer to arthroscopically judge the severity of cartilage damage. Fourth, we did not subclassify the area of cartilage damage in the areas of the medial gutter and talar dome. This subclassification was omitted because we were unable to determine whether an ankle with denudation of the articular cartilage in the gutter and normal cartilage in the talar dome or an ankle with normal cartilage in the gutter and a partial-thickness defect of the cartilage in the talar dome was more advanced. We found many intermediate cases involving a spectrum ranging from cartilage damage confined to the medial surface of the talus to cartilage damage only on the dome of the talus. Therefore, we did not subdivide the area of cartilage damage according to site. Finally, we did not include lateral OA in this study. Lateral OA frequently is seen in late-stage adult-acquired flatfoot. However, the incidence of lateral OA is very low in the population in our country, and we performed arthroscopic examinations in only four such ankles during the same period. We suspect inclusion of lateral OA would be a confounding factor when analyzing features of medial OA. We know of no report of degenerative changes confined to the joint between the lateral malleolus and talus, and every case of lateral OA also has a tendency toward talar tilting. We therefore presume the severity of cartilage change would be similar to that in medial OA with medial joint space narrowing with talar tilting. If a grading system is not reliable, correlations between the grades and the severity of OA determined by some independent method would not be meaningful. Therefore, we first performed observer reliability testing for each grading system. The description of each grade in this article was taken from those of Kijowski et al. [29] , and we used the radiographs of the other joints shown in the original article by Kellgren and Lawrence [28] for reference because that article had no radiographs of ankles. Others [11, 21, 27] have used similar descriptions. We believe the terminology used in the Kellgren-Lawrence grading system is somewhat subjective, perhaps the explanation for lower intraobserver and interobserver reliability. For this reason, we recommend the system of Kijowski et al. [29] because we believe it has a clearer definition of each grade.
As a result of the focus on osteophytes and the assumption that OA would result in joint space narrowing with the Kellgren-Lawrence grading system, other grading systems have been developed [18, 19, 32, 44, 47] . The intraobserver and interobserver reliability of these systems reportedly ranges from 0.18 to 0.95 [18, 19, 32, 44] . We found that the modified Kellgren-Lawrence, Takakura et al., and van Dijk et al. grading systems had reliability ranging from 0.51 to 0.89.
Ayral et al. [2] and Wada et al. [54] reported a correlation between arthroscopic and radiographic parameters; however, other investigators [6, 16, 34] suggest radiography of the tibiofemoral joint does not always accurately predict the status of the articular cartilage, particularly during the early stages of OA. Wu et al. [56] believed the American College of Rheumatology (ACR) clinical criteria for OA of the knee [1] could be used to identify early cartilage damage rather than the ACR clinical plus radiographic criteria. They observed a wide distribution of articular cartilage damage in the knees that fulfill the clinical plus radiographic criteria. We suspected that radiography of the ankle would have a better predictability than radiography of the knee because the ankle has a parallel linear joint line that is confined in an ankle mortise, as compared with a knee with round joint surfaces having variable joint space and a meniscus between the surfaces to allow more mobility. However, we found low predictability of the radiographic grading systems in early-and midstage medial ankle OA. The low correlation between radiographic grading and arthroscopic findings likely occurred because the majority of the subjects in our study had mid-stage OA, and the severity of cartilage damage in mid-stage OA is quite varied in each classification. As noted above, if we had included end-stage arthritis with diffuse narrowing of the joint space the correlation would likely have been greater because severe cartilage damage is obvious in an ankle with diffuse narrowing. We found all patients with radiographic loss of the joint space had Outerbridge Grade 4 cartilage damage (Stage 4 in the modified Kellgren-Lawrence system, Stages 3A and 3B in the Takakura et al. system, and Stage III in the van Dijk et al. system). However, our principal objective in studying the correlation between radiographic and arthroscopic findings was to predict cartilage change in mid-stage OA.
Since Kellgren and Lawrence classified OA based on osteophytes, some authors [5, 54] have reported the high Values other than odds ratios are expressed as percentages; values in parentheses = 95% confidence intervals; MJN = medial joint space narrowing; PV = predictive value; *all cases with medial joint space narrowing regardless of the presence of talar tilting; p \ 0.001 (twotailed), comparison of variables with asterisks to those without asterisks in McNemar's test; à the positive PV is the probability that the disease is present when the test is positive, the negative PV is the probability that the disease is not present when the test is negative. association of osteophytes with OA of the knee. However, others [4, 24] have questioned whether osteophytes reflect the severity of OA. Although some authors [2, 41, 54] suggest narrowing of the joint space, particularly in a weightbearing position, reflects the loss of the cartilage thickness, others [16, 34, 41, 55] have not supported this presumption (Table 6 ). We found a low odds ratio of spur and joint space narrowing. Although the odds ratio of spurs was comparable to that of medial joint space narrowing, we believe that ankle spurs do not reflect joint space narrowing, which is the fundamental element of OA. We frequently see young patients with spurs or subchondral sclerosis with normal articular cartilage, and numerous studies have failed to find a relationship between spurs and OA in the ankle [12, 36, 37, 49, 51] . Our series included only patients older than 40 years; if we did not limit the age, the sensitivity of spurs for detecting OA would have been reduced. We presumed tilting of the talus in the ankle mortise would result in asymmetric overloading in the small area of cartilage; therefore, we examined the predictability of cartilage change based on medial joint space narrowing with or without talar tilting. Although several studies have reported talar tilting [22, 40, 50] , none has clearly shown its clinical importance. Our data suggest the sensitivity and specificity of radiographs to predict arthroscopic damage improved when talar tilting was considered. The relatively low predictive power of medial joint space narrowing without talar tilting may be attributable to pseudo-narrowing of the medial joint space as a result of a deviated ankle mortise or spur changes on the medial malleolus or talus. However, joint space narrowing without talar tilting does not always indicate pseudo-narrowing. In our study, 12 (39%) of 31 ankles with joint space narrowing without talar tilting had cartilage damage, and most of them had narrowing greater than half of the medial gutter. We believe including talar tilting when radiographically assessing patients will enhance our ability to predict cartilage damage in medial ankle OA. 
